INTRODUCTION AND ACKNOWL

EDGEMENTS
The eruptive activity of Akita-koma gatake volcano in 1970-1971 had been a rather monotonous, moderately explosive "Strombolian" eruption accompanied by the steady outlet of lava flows of pyroxene an desite. The activity may be considered to have been normal and simple for a Japanese volcano with andesitic magma. A set of detailed laboratory experiments on the e jecta were carried out in order to investigate the liquidus relations of the erupting magma with a hope that physical conditions of the volcanic eruptions may be clarified to any possible extent. The present paper deals with the detail ed mineralogy of the new ejecta (and the magma) and the results of high-temperature experiments at atmospheric pressure. The results strongly indicate that the magma before the eruption had been under low but appreciable water pressure as well as total pressure in the shallow reservoir or in the conduit. (Manuscript received, December 5, 1972) We thank Mr. Hiroshi Haramura, Geo logical Institute, University of Tokyo, for the chemical analyses by standard wet method. Our thanks are also due to Mr. Osamu Ooshima and Dr. Takaaki Fukuoka who have provided us samples of the ejecta. Part of the expense was defrayed from the fund by the Ministry of Education. We are grateful to Dr. Ken-ichiro Aoki for critically reading the manuscript which greatly im proved the content of this report. Kawano and Aoki (1959, 1960) and Yagi et al. (1971 Yagi et al. ( , 1972 .
The last activity took place at the top of Medake during the period from Septem ber 18, 1970 18, , to January 26, 1971 . Detailed chronology of the activity is given by Suwa et al. (1972) , Kano (1971) and others (see special volume of Bulletin of Volcanological Society of Japan, 1972, vol. 16, pp. 63-214) .
Abnormal rise of surface temperature of the vent area was found about 3 weeks before the eruption started. The vent was located in one of the several depressions which occupy the hummocky top part of the Medake cone. Explosive activity was positively observed in the afternoon of Sep tember 18 but it possibly may have started a day before (Tanaka, 1972a) . Throughout the whole period of activity which ended around January 26, 1971, the display of eruptive phenomena stayed rather monoto nous: outburst of gas from the vent with detonation occurred in every several min utes, throwing essential fragments high up in the air and scattering them over the slope of Medake within a radius of 500m. Con tinuous outlet of lava flow accompanied the explosive activity.
The main burst was usually followed by several successive small er bursts which in turn followed by a period of quiet lasting 2 to 10 minuites in many cases. The phenomena may be described as "Strombolian" but the magma causi ng the eruption appeared to be more viscous than those producing the typical Strombolian eruptions. The essential fragments are 30 to more than 100cm across, many of them are cow dung shaped and others irregular, ribbon-shaped or of bread-crust type. No spindle-shaped bombs were produced and no red-hot surface of the head of the lava column was seen exposed inside the crater. Instead, the vent was covered with ejecta during the quiet period and a big outburst was usually heralded by rapid upswelling of the top part of the vent indicating that the vent stayed closed during the quiet period by viscous lava to allow gas pressure to build up and finally to lead to the next outburst.
These features strongly indicated that the viscosity of the magma was higher than those responsible for a very typical Strombolian type of eruptions. An ordinary burst would propel semi-solid fragments to the height of 100 to 200m with a maximum of 600m above the vent. The maximum initial velocity and necessary gas pressure are about 90m/sec and 100 bars respectively (Suwa et al., 1972) . By the end of activity a cinder cone about 60m high with a crater about 60m across was formed above the vent (Ossaka and Hirabayashi, 1972) . The lava flow started flowing out of the vent Two kinds of projectiles are distinguish ed although these two grade to each other: 1) bread-crust bombs and 2) irregular shaped volcanic blocks. Many of the bread crust bombs have cores that are clearly distinguishable from the outer, freshly form ed crust. It is probable that these cores were the fragmental ejectas once formed in the upper part of the vent but later were wrapped by the liquid magma to form the layered structure of the bombs.
The irregular-shaped blocks were appar ently red-hot at the moment of ejection and upon their landing the grass and bush were set afire because of the heat. The blocks show black and very rugged spinose surface with plagioclase phenocrysts as white spots. The inner structure is regular with the following three zones: 1) outermost Tables 2 and 3 ). These analyses strongly indicate that the bulk composition did not change appareciably through the main part of the activity. It is also apparent that no difference exists between the compositions of projectiles and lava flows. Analyses in Table 1 are plotted in variation diagrams ( Fig. 1) and A-M-F diagram (Fig. 2) together with selected anal yses from other laboratories (see Aramaki, 1972) . Compositions of the mechanically sepa rated, fine-grained portion of the blocks are given in columns 5-10, Table 1 . The whole rock is crushed between 150 and 250 mesh and with the use of an isodynamic separator and Clerici's solution, phenocrysts are elimi nated leaving the fractions corresponding to the groundmass made up of fine-grained crystals and glass. Variance in composition of the analyzed fractions (columns 5-10, Table 1 ) may be due to the fact that each fraction represents different concentrations of crystals and glass especially the different plagioclase-pyroxene ratios caused by differ ent setting of the magnetic separator and density of the heavy liquid. This results from the difficulty in clearly distinguishing phenocrysts from groundmass microlites due to gradual changeover of their size.
In Table 2 and Figs. 1 and 2, are shown compositions of groundmass glass analyzed by electron probe microanalyzer (JOEL Model JXA-5; S. A. analyst). The same standards and method of measurement as those described by Nakamura and Kushiro (1970a) are used. The fact that the total of the analyses is less than 100% is mainly due to the loss of Na under the electron beam. It was necessary to use electron beams with diameter less than 20 microns in order to avoid microlites abundantly present in the groundmass. The analyses Gl-1 through 4 are poorer due to smaller beams giving lower Na values. Analyses Gl-32 is especially cor rected for the Na loss and is supposed to be closer to true values. The extent of Na loss is indicated in Fig. 2 for analyses G1-1 through 4. Open circles indicated as G1', G2', G3', and G4' are the plots of the origi nal analyses and the G1, G2, G3, and G4 are those of recalculated values assuming that the deficiency in the total of analyses is all due to Na loss. Therefore, these re (Kuno, 1954) . Total iron, MgO, and total alkalis of the rocks of Akita-komagatake volcano fall between the pigeonitic and hypersthenic rock series but Al2O3 and CaO are higher than the two rock series. This is probably due to the effect of abundant plagioclase phenocryst in Akita komagatake lavas while the variation trends of the Izu-Hakone rock series are for the non-porphyritic rocks. The composition of the groundmass glass is unusual in that it is higher in total iron and CaO (and to a less extent in MgO) and lower in SiO2 and Al2O3. Pronounced iron enrichment is also ap parent in the A-M-F idagram (Fig. 2) . komagatake. Analysis by electron-probe microanalyzer (analyst: S. Aramaki).
Dashed curve is the boundary between the thoeiitic (pigeonitic) and calc-alkali (hyper sthenic) rock series of the Tohoku region given by Kawano and Aoki (1959) . The bulk and groundmass composition of the 1970 lavas fall close to this boundary curve. This is in accord with the kind of ground mass pyroxenes (Vdc, according to Kuno's scheme) as recognized by many authors (Yagi et al., 1971; 1972; and others) . In (Table 4) are also plotted. When compared with the Japanese granitic rocks (Aramaki et al., 1970 (Aramaki et al., , 1972 , the high Na/K ratio of the Akita-komagatake specimens is the most conspicuous. Larger scatter in Q/ Ab+Or ratio of the glasses is probably due to large errors in Na-determination and may not be real.
Comjiosition of the magma and nature of erudition
Typical andesitic volcanoes in Japan, such as Asama and Sakurajima display "Vulcanian" type of explosive activity .
Although the column of liquid magma is considered to stand as high as the bottom of the open crater-pit and maintain hydrostatic equilibrium in these volcanoes, the explosion is much more violent and the intervening quiet period is much longer than the "Strombolian" activity displ ayed during the 1970-1971 eruption of Akita-komagatake. The projectiles are typical angular bread crust bombs and dense blocks while cow dung driblets with spinose surface are gen erally absent. One is almost complelled to conclude that the magma of these Vulcanian explosions are more viscous than the magma of Akita-komagatake. However, the chemi cal composition of the projectiles are not much different from those of Akita-komaga take (both Sakurajima and Asama, SiO2= 62%). In reality, it was quite unexpected that the SiO2 content of 1970 ejecta of Akita-komagatake was as high as 58% after having observed such "Strombolian" erup tions. All the ejectas of the three volcanoes mentioned above carry about 30% of phe nocrysts by volume. However, the effect of phenocrysts in raising the bulk viscosity should be rather insignificant even in the highly prophyrtic lavas as pointed out by Shaw (1963) but the viscosity as a control ling factor of the nature of the explosive eruption should be the viscosity of the truely liquid portion of the magma. If the compo sition of the analyzed glass of Akita-koma gatake (Table 1) Table 3 . Large variance in phenocryst groundmass ratios may be due to the diffi culty of distinguishing between phenocrysts and groundmass minerals according to their sizes.
Plagioclase
Plagioclase ranges in size from more than 2mm (phenocrysts) to less than several microns in the groundmass, and clear dis tinction between phenocrysts and ground mass is impossible. Larger crystals usually show marked oscillatory zoning, but grains with cores having distinctly different com positions are rare. Fig. 4 shows a micro probe traverse of such a case having calcic (about An90) homogeneous core. The com mon oscillatory zoning, as shown in the outer margin of the plagioclase in Fig. 4 is rather random and does not display any recogniz able regular pattern.
Plagioclase crystals are relatively clear of inclusion with small amounts of magnetite and glass inclusions. (Lindsley and Smith, 1971) and Deccan basalts (Aramaki and Shimizu, unpublished data), where iron enrichment has also proceeded in the groundmass stage, the Akita-komagatake plagioclase carry dis tinctly higher iron. The tendency that. Al+ Fe is smaller than Ca+1.0, which is reported by Lindsley and Smith (1971) for Columbia River basalts, is recognized also for the present case (Fig. 5 ) so that the possibility that of hypersthene and it is present only as phenocrysts and microphenocrysts (Table  5 and Fig. 7 ). The gap in Ca content be tween augite-hypersthene pairs is larger in phenocrysts than in microphenocrysts (see tie-lines in Fig. 7) . Numbers in Fig. 7 indicate Al2O3 content in weight percent multiplied by 10. Zoning is not pronounced in augites (Fig. 6 ). Pigeonite and subcalcic augite are limit ed in microphenocrysts and groundmass microlites. As will be seen from Figs. 7 and 8, the Ca content shows a wide fluctuation and the trend is not clearly defined like the groundmass pyroxenes studied by Naka mura and Kushiro (1970a, b) . They are euhedral with a tendency to elongate paral lel with c-axis that is more pronounced in smaller grains than in larger ones. The Al content changes quite haphazardly with res pect to Ca-Mg-Fe contents. In some grains like the ones shown in Fig. 7 (points con nected by straight lines), the Ca-Mg-Fe composition as well as Al varies greatly from sector to sector within a single grain. These features all point to the fact that the Ca-poor pyroxenes crystallized out of the liquid rapidly and in pronouncedly metast able state. Two samples of the lava flow were measured for Ca-poor pyroxenes ( Fig.   1970 ; SA 70092002).
Analysis by electron-probe microanalyzer. (Fig. 9 ), MnO and total Fe (Fig. 10) , and TiO2 and Al2O3 (Fig. 11) .
Titanomagnetite
Magnetite occurs as phenocrysts up to 0.4mm in diameter, as smaller euhedral grains down to a few microns and as dend ritic crystals enclosed in glassy groundmass of lava flows.
Smaller euhedral grains whose analyses are given in Table 6 as groundmass titanomagnetite appear to have crystallized in the same stage as the Ca poor clinopyroxenes discussed in the fore going. They contain more than 40% mol ulvospinel as recalculated according to Car michael's method (1957) , and the ground mass magnetites are richer in ulvospinel molecule than phenocrysts. They are dis tinctly richer in Al2O3 and a little poorer in Mn than magnetite phenocrysts of felsic volcanic rocks given by Carmichael (1967) , and very similar to magnetites of Futatsu dake, Haruna volcano given by Ooshima (1971). Smaller grains contain more Si, Mn, and Ca and less Ti, Al, Fe, and Mg than the larger (phenocrystic) grains.
Tridymite and anhydrite in xenoliths
The amount of accidental inclusions contained in the ejecta of 1970-1971 erup tion is very small. Among these, white, often angular blocks of siliceous xenoliths are the most abundant.
They consist of tridymite, anhydrite, augite, opaque min eral, and glass (Yagi et al., 1971 (Yagi et al., , 1972 . The xenoliths are considered to be pyro metamorphosed basement rocks of Neogene of the magma of the 1970 eruption of Akita-komagatake volcano 115 Table 6 . Chemical composition of magnetite in the 1970 ejecta of Akita-komagatake volcano . Analysis by electron-probe microanalyzer.
age. Microprobe analyses of the tridymites are given in Table 7 .
CONTROLLED-ATMOSPHERE HIGH -TEMPERATURE EXPERIMENTS
Starting materials
Starting materials used in high-temp erature experiments are characterized in Tables 8 and 9 . Two kinds of starting materials were prepared from the natural specimens: 1) finely-ground original samples and 2) completely remelted glass. The first was prepared by simply grinding the powder Symbols are the same as in Fig. 15 the higher the liquidus temperature. In natural samples (BULK, GRM-3, -4, and -5; Fig. 16 ), orthopyroxene and clino pyroxene appear at about the same temp erature in each specimen, while in articial mixtures (MIX-1 and -2), only clinopyro xene is identified in the temperature range close to that of liquidus (with one exception, see Fig. 15 ). This may be explained by the difference in pyroxene "molecule" in the liquid. Fig. 19 shows that compositions of normative pyroxenes of the starting mater ials (same Fe3+/Fe2+ ratio as GRM-3 is as sumed for MIX-1 and -2). It is apparent Fig. 19 It may be not unreasonable to assume that essentially the same relation holds between natural liquid (magma) and plagioclase and pyroxene solid solutions (Yoder, 1969, etc.) , which is schematically shown in Fig. 20 . The horizontal axis indicates composition and the vertical axis temperature. Plagio clase component is on the far right end and pyroxene component far left. The upper horizontal line represents the temperature at which plagioclase and pyroxene coexist with a liquid in dry condition at 1 bar pressure, i.e., in the state of eruption at the earth's surface. The lower line represents the tem perature at which liquid (magma) coexists with pyroxene and plagioclase under certain water pressure in the magma chamber or in the conduit. Point B indicates the compo sition of the liquid. If this liquid (magma) ascends in the conduit or is erupted to the surface, some crystals of plagioclase and pyroxene will precipitate but the rest will finally solidly as glass. Thus the composi tion "B" corresponds to that of the "groundmass" which should show a plagio clase liquidus temperature appreciably high er than the "eutectic" temperature (=pyro xene liquidus).
Using this relationship, a model for the liquidus relations of the 1970-1971 magma of Akita-komagatake may be forwarded. Before the eruption, a liquid magma with a composition of the "groundmass" was precipitating plagioclase, hypersthene, au gite, and magnetite in a deep reservoir under unknown but appreciable water pressure. The magma then rose through the conduit and finally erupted to the surface. During the ascent, as the confining pressure and probably water pressure also decreased, pla gioclase, magnetite and mainly Ca-poor py roxene kept crystallizing. The composition of the liquid followed the cotectic line be
